The objectives were to evaluate effects of human chorionic gonadotropin (hCG) (3,300 IU i.m.) administered on d 5 after AI on CL number, plasma progesterone concentration, conception rate, and pregnancy loss in high-producing dairy cows. Following the synchronization of estrus and AI, 406 cows were injected with either hCG or saline on d 5 after AI in a randomized complete block design. Blood sampling and ovarian ultrasonography were conducted once between d 11 and 16 after AI. Pregnancy diagnoses were performed on d 28 by ultrasonography and on d 45 and 90 after AI by rectal palpation. Treatment with hCG on d 5 resulted in 86.2% of the cows with more than one CL
Introduction
Human chorionic gonadotropin has an activity similar to that of LH and binds to LH receptors on the membrane of small luteal cells to activate a second messenger, which enhances progesterone synthesis. Corpus luteum formation and development is highly responsive to LH, and small luteal cells synthesize more progesterone when stimulated by LH (Hoyer and Niswender, 1985) . The administration of hCG during the early luteal phase induces ovulation of the first-wave 1 dominant follicle and formation of a functional accessory CL. Schmitt et al. (1996a) observed that most of the increase of progesterone production after hCG injection was due to the formation of accessory CL. Furthermore, cows treated with hCG on d 5 after estrus had a greater increase in plasma progesterone from d 6 to 13 and greater circulating progesterone on d 13 of the estrous cycle. Therefore, it is possible that hCG induction of an accessory CL on d 5 of the estrous cycle may increase plasma progesterone and enhance embryo survival, which would improve conception rates in dairy cows.
In addition, hCG treatment increases the occurrence of three-wave follicular cycles, in which the emergence of the third-wave dominant follicle is delayed (Diaz et al., 1998) . Such an alteration in follicular dynamics may enhance conception rate because a greater number of cows with three follicular waves after insemination conceived compared with cows having two follicular waves (Ahmad et al., 1997) .
The objectives of the current study were to evaluate the effect of injecting 3,300 IU of hCG i.m. on d 5 after AI on CL number and plasma progesterone concentration. In addition, effects of hCG on conception rate at 28, 45, and 90 d after AI were evaluated to determine whether CL number and plasma progesterone after AI impacted the conception rate of dairy cows. Lastly, because the injection of hCG may affect follicular turnover and promote more three-wave cycles, the potential impact of hCG treatment on conception rate was evaluated during the subsequent estrous cycle for those cows that were open after the first AI.
Materials and Methods
The experiment was conducted on a commercial dairy farm in south Central Valley of California (Souza Dairy, Fresno, CA). Four hundred and six high-producing (43.0 ± 0.45 kg/d, mean milk ± SE at the time of AI) Holstein dairy cows were housed in free-stall barns and milked twice daily. Multiparous and primiparous cows were housed separately. Cows were fed a total mixed ration (Table 1 ) throughout the experiment twice daily for ad libitum consumption to meet or exceed the requirements for a lactating cow that weighs 650 kg and produces 45 kg of milk with 3.5% fat (NRC, 1989) .
The study was conducted during two periods in 1999 and 2000. The first period was from May 14 to September 16, 1999 , which coincided with the hot months of the year, when the average daily maximum temperatures were 28.8, 30.8, 33.8, 33 .1, and 32.6°C, in May, June, July, August, and September, respectively (referred to herein as the warm period). The second period coincided with the cold months of the year, from October 5, 1999 Calcium salts of long-chain fatty acids; EnerGII (calcium salts of palm fatty acids; Bioproducts, Inc., Fairlawn, OH). b Content: 2.8% Ca, 3.5% P, 1.0% K, 0.45% S, 22% Na, 2.0% CL, and (per kg) 1,800 mg of Zn, 420 mg of Cu, 1,950 mg of Mn, 14 mg of Se, 6 mg of Co, 29 mg of I, 240,000 IU of vitamin A, 51,000 IU of vitamin D, 1,800 IU of vitamin E. until March 2, 2000, when the average daily maximum temperatures were 28.6, 20.6, 15.1, 14.9, 16.8, and 19 .6°C, in October, November, December, January, February, and March, respectively (cool period) (Hanford Municipal Airport, Official Certified Local Climatological Data). One hundred and eighty-two cows were enrolled during the warm period and 224 cows during the cool period.
Once a week, a group of 30 to 60 cows at between 40 and 145 d in milk had their estrous cycle synchronized (Thatcher et al., 1989) with an i.m. injection of 100 g of GnRH (gonadorelin; Factrel, Fort Dodge Animal Health Inc., Fort Dodge, IA) followed 7 d later by an i.m. injection of 25 mg of PGF 2α (dinoprost tromethamine; Lutalyse, Pharmacia Upjohn Company, Kalamazoo, MI). Estrus was detected once daily, from 2 to 5 d after the PGF 2α injection, both visually and by tail chalking (Macmillan et al., 1988) using paintstiks (All-weather Paintstick, LA-CO Industries, Chicago, IL). Cows found in estrus were assigned to initiate the experiment based on lactation number and days in milk. Utilizing the protocol described, we were able to detect in estrus 72% of the cows enrolled in the synchronization program. Therefore, about 20 to 40 cows were enrolled in the study every week. All cows detected in estrus were artificially inseminated once, in the morning, by the same technician throughout the experimental period. Semen from five proven sires was used, and a similar number of inseminations within each sire was used for each treatment group. Cows found open at d 28 after the initial AI received an injection of 25 mg of PGF 2α and were artificially inseminated as they were detected in estrus within 5 d of the PGF 2α treatment. For analyses of second-service conception rate, only cows inseminated in the subsequent estrus after the initial AI (18 to 24 d after the initial AI) and those that came into estrus after the PGF 2α injection at d 28 were used.
On d 5 after the initial AI, cows received an i.m. injection in the neck area of either 3,300 IU of hCG (Chorulon, INTERVET, Inc., Millsboro, DE) (hCG group) or 3 mL of saline solution (control group).
One blood sample (7 mL) was collected from all cows between d 11 and 16 after AI by coccygeal venipuncture, using Vacutainer tubes (Becton & Dickinson Vacutainer Systems, Rutherford, NJ) with sodium EDTA. The samples were placed immediately on ice and later centrifuged at 2,000 × g for 20 min for separation of plasma. Plasma samples were frozen at −75°C until later analysis. Progesterone was analyzed by radioimmunoassay according to Knickerbocker et al. (1986) . At the same time as blood sampling, the ovaries of all cows were scanned by ultrasound (Ultrascan 50, Alliance Medical, Smithville, MO) equipped with a 5.0-MHz linear transducer to evaluate presence, location (ovary), size (area and volume), and number of corpora lutea (Ginther, 1998) . The location of the CL in cows with multiple ovulations that were diagnosed as carrying a single pregnancy on d 28 (contralateral or ipsilateral ovary to the horn of pregnancy) was determined, and the maintenance or regression of accessory CL was later evaluated.
The diagnosis of pregnancy was performed by ultrasonography on d 28 ± 1 after AI. During ultrasonography, a cow was determined pregnant when an embryonic vesicle with a viable embryo (presence of heartbeat) was detected. At the same time, ovaries of pregnant cows were scanned to determine the presence and location of the CL. Pregnant cows at d 28 were reconfirmed for pregnancy by rectal palpation on d 45 ± 1 and again on d 90 ± 2 after AI.
At the time of AI and on d 28 ± 1, 45 ± 1, and 90 ± 2 after AI, the same person evaluated the cows' body condition score (BCS) (Ferguson et al., 1994) . Previous work at the University of Florida (Moreira et al., 2000) observed that cows with a BCS lower than 2.5 responded poorly to a timed AI protocol and that conception rates were low. To determine the effects of BCS at breeding on the outcome variable, we divided cows into two groups, those with BCS at AI equal to or lower than 2.75 and those with a score greater than 2.75. A BCS of 2.75 was chosen to divide the two groups because only a few cows in this study had a BCS at AI equal to or lower than 2.5. For BCS change from AI to pregnancy diagnosis, we divided cows into three groups: those that lost BCS, had no change, and those that gained BCS from AI to pregnancy diagnosis. The mean (± SEM) change in BCS for cows that lost and gained BCS were −0.28 (± 0.008) and 0.30 (± 0.005), respectively. Milk production from the test date closest to the day of AI (day of AI ± 10 d) was divided into four quartiles or into two groups (above or below the mean, 43.0 kg/d) and were used to test the effects of milk yield on the outcome variables analyzed. The ranges in milk production for the first, second, third, and fourth quartiles were 20.4 to 36.3 kg/d, 36.3 to 41.7 kg/d, 41.7 to 49.9 kg/d, and 49.9 to 69.0 kg/d, respectively.
Experimental Design and Statistical Analysis
The experimental design was a randomized complete block design (Kuhel, 1994) . Cows were blocked according to lactation number and days in milk, and then randomly assigned to one of the two treatments on a weekly basis. Continuous data were analyzed by the GLM procedure of the SAS (SAS Inst. Inc., Cary, NC) program using the following linear model:
where Y ijklm = observation µ = overall mean T i = treatment effects PA j = parity effect PE k = period effect BC l = body condition effect (T × PA) ij = interaction between T i and PA j (T × PE) ik = interaction between T i and PE k (T × BC) il = interaction between T i and BC l (T × M) im = interaction between T i and M m (T × PA × PE) ijk = interaction between T i and PA j and PE k (T × PA × BC) ijl = interaction between T i and PA j and BC l (T × PA × M) ijm = interaction between T i and PA j and M m (T × PE × BC) ikl = interaction between T i and PE k and BC l (T × PE × M) ikm = interaction between T i and PE k and M m (T × BC × M) ilm = interaction between T i and BC l and M m B m = block effects C n = covariate effect E ijklmn = residual error When the results of plasma progesterone and number of CL were analyzed, the number of days after AI when the blood sample was collected and ultrasonography performed was used for covariate adjustment of the data. The effect of number of CL on plasma progesterone concentrations was tested. Interactions that were not significant (P > 0.15) were excluded from the model.
Body condition scores after AI in association with pregnancy statuses were analyzed as analysis of variance for repeated measures using the PROC MIXED procedure of SAS (Littell et al., 1998) . The model included observed mean, block, pregnancy status (pregnant or open), the random experimental error of cow within pregnancy status, time when BCS data were collected, interaction between pregnancy status and time, and the random experimental error.
Regression analyses were performed to determine the fitted-line plot for total luteal area and plasma progesterone concentrations (MINITAB, 1996) . A simple linear regression analysis was conducted to determine the best subset regression that predicts plasma progesterone concentrations.
Nonnormally distributed data such as conception rate, pregnancy loss, and CL regression were analyzed using the TLOGISTIC procedure of SAS (SAS, Inst. Inc.) . A stepwise regression model was used (Hosmer and Lemeshow, 1989) . The model statement in the logistic regression analysis was specified that a variable had to be significant at the 0.30 level before it could be entered into the model, whereas variables that entered the model had to be significant at the 0.20 level in order for them to remain in the model, and variables were entered or removed by the Wald statistic criterion (Hosmer and Lemeshow, 1989) . The full logistic regression model included block, treatment, parity, period, number of CL, plasma progesterone, milk production, BCS at breeding, BCS change from AI to pregnancy diagnosis, and the respective two-and three-way interactions. For the analysis of CL regression, only those cows diagnosed pregnant with multiple CL were included. In these analyses, location of the multiple CL (contralateral or ipsilateral) relative to the pregnant horn was included in the logistic regression model. The relative risk and the 95% confidence interval for a cow to have one or more than one CL were determined using the frequency distribution of CL for control and hCG-treated cows, and significance was determined by chi-square (Dean et al., 1991) . Treatment differences with P < 0.05 were considered significant and P < 0.10 were considered a tendency.
Results
Days after AI when blood samples were collected and ultrasonography was performed did not differ between treatments and averaged 13.8 d (P = 0.15). Administering 3,300 IU of hCG on d 5 after AI resulted in 175 of the 203 treated cows with more than one CL. Cows treated with hCG had a six times greater relative risk of having more than 1 CL than controls (RR = 6.03; 95% CI: 4.1 < RR < 8.8; P < 0.001). More cows in the hCG-treated group had multiple CL (86.2% vs 23.2%; P < 0.001), which reflected the increase in mean number of CL per cow (P < 0.0001; Table 2 ). The number of cows with no detectable CL at the ultrasonography on d 14 was smaller for the hCG-treated cows than for the control group (1.5% vs 6.9%; P = 0.006). An interaction between treatment and period was observed for number of CL. The increase in number of CL for cows treated with hCG compared with control cows was greater during the cool (1.8 vs 2.4) than during the warm (1.0 vs 1.3) period (P = 0.02). Number of CL on d 14 was not influenced by BCS at breeding. However, the change in BCS between AI and d 28 after insemination tended to affect CL number (P = 0.07), with cows that lost BCS having the highest mean number of CL (1.9), followed by those whose BCS did not change (1.6) or those that gained BCS (1.5) in the same period. Milk production analyzed either as a quartile or as two groups, above or below the mean milk, had no effect on number of CL, and no interaction was observed for treatment and milk yield on CL number. Treatment affected the surface area and volume of the total luteal tissue (P = 0.001), as well as the largest CL. However, most of the effect of treatment on total luteal area and volume was caused by the presence of multiple CL. When the number of CL was included as a covariate in the analyses of luteal area and volume, treatment effect on total luteal area and volume was eliminated (P = 0.24).
Plasma progesterone concentrations during mid luteal phase were increased by 5.0 ng/mL in the hCGtreated cows compared with controls (P < 0.001). Differences in progesterone concentrations between hCG and control cows were +8.7 ng/mL for primiparous cows and +1.2 ng/mL for multiparous cows (P = 0.02). Cows with more observable CL during ultrasonography had higher progesterone concentrations (P < 0.001), and an interaction between CL number and treatment on plasma progesterone was observed (P < 0.001). Within the hCG group, cows with more than one CL had higher plasma progesterone than those with only one CL (20.3 vs 10.9 ng/mL), an increase of 9.4 ng/mL ( Figure 1 ). Such an effect of additional CL on progesterone concentrations was not observed for cows in the control group, in which progesterone concentrations were similar (14.9 vs 14.6 ng/mL). Body condition score at AI had a tendency to impact plasma progesterone (P < 0.10). Progesterone concentration in cows with low BCS (≤ 2.75) was 1.7 ng/mL lower than in those with moderate BCS (≥ 3.0), and an interaction between BCS at AI and treatment was observed. Within the hCG-treated cows, BCS at AI (moderate vs low BCS) had no impact on plasma progesterone concentrations (18.8 vs 18.9 ng/mL), but, in the control group, cows with moderate BCS had 3.4 ng/mL higher progesterone concentration in plasma than those with low BCS (15.5 vs 12.2 ng/mL; P = 0.05). Changes in BCS from breeding to d 28 did not affect plasma concentrations of progesterone, but milk production did. When progesterone concentrations of cows with production above or below 43.0 kg/d were compared, higher producing cows tended to have lower progesterone concentrations (17.4 vs 15.2 ng/mL), but this effect was observed only for cows in the control group (16.3 > 11.5 ng/mL vs 18.6 < 19.0 ng/ml; P = 0.06). The number of CL increased plasma progesterone concentrations (P < 0.001) and an interaction between treatment and CL was observed for progesterone concentrations (P < 0.001). One cow in the hCG-treated group had a high progesterone concentration, but no detectable CL was observed during ultrasonography of the ovaries. The SEM for progesterone concentrations in control and hCG-treated cows were as follows: 0 CL, 2.14 and 4.43; 1 CL, 0.61 and 1.51; and 2 CL, 1.21 and 0.62.
Treatment with hCG increased conception rate on d 28 after AI (P < 0.01; Table 3 ). Similar conception rates were observed during the warm and the cool periods, but a tendency for an interaction between treatment and period was detected (P = 0.09). Control and hCGtreated cows had similar conception rates during the warm period (44.1 vs 43.3%), but hCG increased conception rate compared with control during the cool period (47.8 vs 34.2%). Cows with more CL had higher conception rates at d 28 (P < 0.001; Table 3 ). Nevertheless, no treatment × CL interaction was detected (P = 0.34). Although conception rate was numerically higher for control than for hCG cows with more than one CL, the number of control cows with more than one CL represented only 23.2% of that group compared with 86.2% of the hCG group. Progesterone concentration at d 14 influenced conception rate on d 28 (P = 0.007). Plasma progesterone in pregnant cows was 3.1 ng/mL higher than in cows that were open at d 28 (P < 0.001; Table 4), and this pregnancy effect was observed for control, as well as hCG-treated cows. Similar effects of progesterone were observed for conception rate at 45 and 90 d after AI.
When milk production was divided into quartiles, cows with higher production tended to have lower con- Figure 2 . Effect of milk production (quartiles) at the test date closest to the day of AI on conception rates (CR) of dairy cows on d 28, 45, and 90 after AI. Solid black bars, first quartile (20 to 35.9 kg/d); white bars with horizontal shading, second quartile (36 to 41.9 kg/d); white bars, third quartile (42 to 49.9 kg/d); white bars with vertical shading, fourth quartile (50 to 69 kg/d). Milk production affected conception rate on d 28 (P < 0.09) and 45 (P < 0.03) but had no effect on d 90 (P > 0.15). No interaction between treatment and milk production was observed for conception rate in any of the days after AI when pregnancy was diagnosed.
ception rates (P = 0.09). Conception rates decreased from 53.4% to 41.4, 38.8, and 35.9% for the lowest, second, third, and highest quartiles of milk yield (Figure 2) .
Body condition score also affected conception rate at d 28. Cows with moderate BCS at the time of AI had higher conception rates than cows with low BCS (48.7 vs 34.4%; P < 0.001), and this effect was similar for control and hCG-treated cows (Figure 3 ). Similar to the results observed for BCS at the day of AI, changes in BCS from AI to d 28 also were associated with changes in conception rate. Cows that gained BCS from AI to d 28 had higher pregnancy than those that maintained or lost BCS (47.0 vs 37.4 and 42.7%; P = 0.03). Interestingly, an interaction between treatment and BCS change was determined for pregnancy at d 28 ( Figure  4 ). Cows that received lower BCS when treated with Figure 3 . Effect of body condition score (BCS) at the time of AI on conception rates (CR) of control and hCG-treated cows on d 28, 45, and 90 after AI. Cows were divided into two groups, those with BCS equal to or lower than 2.75 (black solid bars) and those with a BCS greater than 2.75 (white bars with diagonal shading). Body condition score at AI affected conception rate (P < 0.0001), but no interaction between treatment and BCS was observed for conception rate (P > 0.15). hCG had a conception rate of 57.1% compared with only 24.2% for those in the control group (P = 0.05). The dynamics of BCS is represented in Figure 5 . Cows diagnosed pregnant on d 28 after AI had higher BCS than those diagnosed open throughout the experimental period (P = 0.01).
When pregnancy diagnosis was considered at d 45 after AI, the effects of treatment, number of CL, plasma progesterone concentration, BCS at the day of AI, and BCS change were similar to those observed for conception rate at d 28 after insemination. Treatment with hCG increased conception rate at d 45 after AI (P = 0.005). Cows with more CL had a higher conception rate at d 45 (P < 0.001), and progesterone concentration at d 14 was higher for pregnant than open cows at d 45 (P = 0.003). Similar to what was observed for pregnancy at d 28, increasing milk production was associated with a decrease in conception rate at d 45 (P = 0.03), and the effect was observed regardless of treatment. Body condition score at the day of AI and changes in BCS also were associated with conception rate at d 45. More cows were pregnant at d 45 when BCS at AI were greater than 2.75 (46.2 vs 32.1%; P = 0.006). Furthermore, cows that gained BCS from breeding to d 28 had a higher conception rate than those that maintained or lost condition (44.6% vs 33.1% and 36.0; P = 0.01). Cows that received lower BCS in the hCG treatment resulted in a conception rate of 45.2% compared with only 24.2% for the control cows. However, the interaction between treatment and BCS change was not significant for pregnancy at d 45 (P = 0.25).
The factors that influenced pregnancy at d 90 were similar to those at d 28 and 45. Cows treated with hCG had a conception rate of 38.4% at d 90 compared with 31.9% for control cows (P < 0.008). Plasma progesterone, number of CL, BCS at breeding, and BCS changes from AI to d 28 all affected pregnancy at d 90 (P = 0.01). In addition, more primiparous cows were pregnant at d 90 (40.0 vs 30.9%; P = 0.03), but no interaction between treatment and parity was detected.
For the second-service conception rate analyses, 196 of the 234 cows were included in the analyses that were either reinseminated between d 18 and 24 after the initial AI or found open at d 28 and reinseminated after being recycled with PGF 2α . Although hCG-treated cows had a conception rate of 34.1% compared with 30.6% for the control group, hCG treatment on d 5 of the previous estrous cycle had no effect on subsequent conception rate (P = 0.56). Changes in BCS from the beginning of the study to d 28 after the initial AI had no effect on conception rates (P = 0.14). Concentrations of progesterone during mid luteal phase of the previous cycle were similar for cows that conceived or those diagnosed open after the second AI, and averaged 14.8 ng/ml. Pregnancy losses were estimated from d 28 to 45 and from 45 to 90, as well as overall loss from 28 to 90 d after AI (Table 5 ). For pregnancy losses between 28 and 45 d after AI, the data from 172 cows were drawn upon, 79 in the control group and 93 in the hCG-treated group. No differences were observed for losses of pregnancy between 28 and 45 d after AI between the two groups, which averaged 9.3%. Number of CL on d 14 influenced pregnancy loss from 28 to 45 d. Increasing the number of CL from 1 to more than 1 decreased pregnancy loss from 13.2 to 7.6% (P = 0.007). Losses of pregnancy from For the analyses of CL regression in cows with more than one CL, data were collected only during the second period of the study (cool season). A total of 71 cows (17 controls and 54 hCG) with more than one CL were diagnosed with a single pregnancy on d 28 after AI. More additional CL were located in the ovary contralateral to the horn bearing the pregnancy (47 vs 24). Location of the additional CL (ipsilateral or contralateral to the horn bearing the pregnancy) did not influence the number of CL that regressed by d 28 (P = 0.18; Table  6 ). Additional CL regressed in seven (14.9%) and in one (4.2%) of the cows with double ovulation in the contralateral and ipsilateral ovary, respectively. Treatment with hCG tended to reduce the number of pregnant cows that had CL regression (23.5 vs 7.4%; P = 0.07). However, no interaction between treatment and CL location on regression of additional CL was observed, and all pregnant cows that experienced CL re- gression (eight cows) had milk production below the mean milk yield (16.7 vs 0%; P = 0.04).
Discussion
Although there are numerous studies regarding the effects of hCG on follicular development and CL function (Schmitt et al., 1996a; Sianangama and Rajamahendran, 1996; Diaz et al., 1998) , few utilized a relatively large number of cows to assess the effectiveness of this hormonal treatment on conception rate and pregnancy loss of high-yielding dairy cows under field conditions (Eduvie and Seguin, 1982) .
Administering 3,300 IU of hCG i.m. on d 5 after AI resulted in 86.2% of the cows with more than one CL and the risk of hCG cows having more than one CL was increased by sixfold. A model of follicular development in dairy cows proposed by Ginther et al. (1996) indicated that deviation of the dominant follicle takes place 2 to 3 d after a new cohort of follicles is recruited. The dominant follicle acquires LH receptors or gene expression for LH receptors between 2 and 4 d after wave emergence, when it achieves 8 to 10 mm in diameter (Xu et al., 1995; Ginther et al., 1996) . Therefore, on d 5 of the estrous cycle, dairy cows should have a dominant follicle responsive to LH that is capable of ovulating when ovulation is induced by hCG. Some cows in the hCG-treated group might have had a spontaneous double ovulation during estrus prior to hCG treatment, since multiple CL were observed in 23.2% of the control cows.
Multiple ovulation previously was associated with the level of milk production (Fricke and Wiltbank, 1999) . However, the current study did not observe an effect of milk production, analyzed either as quartiles or as mean milk yield, on the incidence of multiple ovulations in cows in any of the treatment groups. Wiltbank et al. (2000) suggested that high-producing cows might select more than one dominant follicle, which results in double ovulation. When the data were analyzed in a similar manner as described by Fricke and Wiltbank (1999) , the number of CL for cows with production above or below the mean milk (43.0 kg/d) were similar, and averaged 1.54 and 1.68, respectively, and no interaction between treatment and milk yield on CL number was observed.
Fourteen cows (6.9%) in the control and three (1.5%) in the hCG group had no detectable CL at ultrasonography on d 14 after AI, which indicates that either ovulation did not occur after estrus, detection of estrus was inaccurate, CL were missed by ultrasonography, or the CL regressed prematurely. It is possible that the 13.8% of the hCG-treated cows with a single and not two CL at ultrasonography may have resulted from one or more of the factors mentioned previously. This would explain the low conception rate for hCG-treated cows with only one CL (12.0%). The effect of hCG on CL number was more pronounced during the cool season. Heat stress can suppress follicular dominance in dairy cows, and the dominant follicle might lose ovulatory capacity when cows are exposed to high ambient temperatures. Wolfenson et al. (1995) observed that heat-stressed cows had a 2 to 3 d earlier emergence of the secondwave dominant follicle. Perhaps, by d 5 after AI, the first-wave dominant follicle of some cows might have lost dominance and that would decrease the response to hCG during the warm period.
Human chorionic gonadotropin treatment on d 5 after estrus increased luteal weight of the accessory CL removed from the ovary on d 13 of the cycle compared with treatment with GnRH, but no effect was observed for the weight of the original CL removed on d 17 (Schmitt et al., 1996a) . Diaz et al. (1998) observed a similar pattern of early development of the spontaneous CL between control heifers and heifers receiving hCG on d 5 after ovulation. Sianangama and Rajamahendran (1996) measured CL of heifers receiving hCG on d 7 of the estrous cycle and observed no difference in diameter between the spontaneous CL in control and treated cows up to d 12 of the estrous cycle. However, the same group showed that cows receiving hCG on the day of AI had larger CL on d 7 after AI. Although most of the effect of hCG on total luteal area and volume in the current study was caused by the presence of multiple CL, treatment with hCG may also have increased the size of the CL originating from the spontaneous ovulation. When we analyzed surface area and volume, only of the largest luteal structure present in the ovaries by ultrasound on d 14 after AI, cows treated with hCG had a CL with greater surface area and volume than that of control cows. Schmitt et al. (1996a) observed an increase in size of small and large luteal cells for cows treated with hCG on d 5 of the estrous cycle compared with those receiving saline. In ewes, administration of 300 IU i.v. of hCG on d 5 and 7.5 of the estrous cycle increased luteal weight and decreased the proportion of small to large luteal cells (Farin et al., 1988) .
As reported previously (Diaz et al., 1998; Schmitt et al., 1996a) , treatment of cows with hCG on d 5 of the estrous cycle resulted in greater plasma progesterone concentrations during mid luteal phase than those in the controls. Schmitt et al. (1996a) observed that in vitro production of progesterone by the spontaneous CL removed on d 17 of the estrous cycle did not differ between hCG and control cows. Furthermore, no difference in plasma progesterone concentrations was observed after removal of the induced CL on d 13 of the cycle. Therefore, it is likely that the increase in plasma progesterone concentrations observed in hCG-treated cows at d 5 is associated with the increased number of CL and not increased steroidogenic activity of the spontaneous CL. A simple linear regression analysis was conducted to determine the best subset regression that predicts plasma progesterone concentrations. The predictors used were largest CL area, total luteal area, and number of CL. Largest CL area resulted in the lowest adjusted coefficient of determination, and it explained only 19% of the variation in plasma progesterone on d 14. The other two predictors, total CL area and number of CL, explained 37 and 31% of the variation in plasma progesterone, respectively. Another regression analysis was performed to determine the fitted-line plot, and a quadratic relationship between total luteal area and progesterone concentrations was determined ( Figure  6 ): Progesterone, ng/mL = 1.74262 + 3.47352X − 0.150919X 2 , where X is the total luteal area in square centimeters (adjusted r 2 = 0.46). The role of progesterone in fertility and pregnancy maintenance is undisputed. Poor luteal activity has been associated with infertility in cattle (Wiebold, 1998) . Cows that have lower progesterone concentrations in the estrous cycle, either before or after breeding, have lower conception rates. Some studies have indi-cated that peripheral concentrations of progesterone are higher in pregnant cows as early as 6 d after AI (Shelton et al., 1990) . Luteal cells from CL of cows considered subfertile had decreased progesterone secretion per unit of luteal tissue when compared with cells from cyclic and pregnant heifers (Shelton et al., 1990) . Lower progesterone concentrations during the estrous cycle previous to breeding may affect LH pulse frequency and alter the maintenance of the dominant follicle, which might reduce fertility (Mihm et al., 1994) . Cattle with three-wave cycles, which are associated with greater progesterone concentrations, may have higher conception rates (Ahmad et al., 1997) . Moreover, low circulating progesterone after breeding may impact embryo development and maternal recognition of pregnancy (Mann et al., 1999) . Because hCG induces the formation of accessory CL and increases concentrations of progesterone in plasma during mid luteal phase, it has been suggested that hCG administration after breeding may increase conception rate and reduce the incidence of early embryonic mortality in cattle . Human chorionic gonadotropin also has been shown to promote three-wave estrous cycles (Diaz et al., 1998) . Inducing accessory CL and promoting threewave cycles may delay the occurrence of preovulatory follicles around maternal recognition of pregnancy, which might positively impact CL lifespan and embryo survival.
Pregnant cows on d 28, 45, and 90 had greater concentrations of plasma progesterone on d 14 after AI than those diagnosed open, and this effect was detected regardless of treatment. These results indicate that higher mid luteal phase progesterone concentrations favor pregnancy during the first trimester. However, pregnancy losses during the first 90 d after insemination were not affected by progesterone concentrations on d 14. The number of CL affected progesterone concentrations but only when induced by hCG. This suggests that spontaneous double ovulations do not result in higher plasma progesterone concentrations than a single ovulation. However, when an accessory CL was induced by hCG, progesterone increased, indicating that steroidogenesis was enhanced. Body condition score at the day of AI influenced plasma concentrations of progesterone differently in control and hCG-treated cows. Treatment with hCG increased progesterone concentrations of cows with a low BCS. A low BCS at breeding is associated usually with reduced fertility (Moreira et al., 2000) and this may be mediated partially by lower plasma progesterone concentrations. Utilizing hCG in such cows may benefit conception rate through higher progesterone concentrations. Similar to BCS at AI, milk yield also tended to influence plasma progesterone concentrations and an interaction between treatment and milk yield was observed. Control cows with production above the mean had lower progesterone concentrations, but no effect was observed for hCG-treated cows. Milk fat contains progesterone and higher producing cows might eliminate more progesterone through milk. In addition, a high correlation is observed between milk yield and feed intake. Because higher DM intakes increase the flow of blood through the splanchnic tissues, it is possible that progesterone clearance by the liver is enhanced in cows with higher yields of milk. Vasconcelos et al. (1998) observed that bouts of feed intake decreased serum progesterone relative to the prefeeding basal concentration in pegnant cows. Similar results were observed for open cows with no CL that were carrying a progesterone intravaginal device (Wiltbank et al., 2000) .
The number of CL observed on d 14 after AI influenced conception rate on d 28, 45, and 90 after AI. Although no interaction between CL number and treatment on conception rate was observed, it is possible that the mechanism by which number of CL influenced pregnancy was distinct between the two groups. Cows with more than one CL in the hCG-treated group had higher plasma progesterone concentrations, and that might have mediated the increase in conception rate. However, cows in the control group with more than one CL, which originated from spontaneous double ovulations, had progesterone concentrations similar to those with only one CL. It is possible that the increase in conception rate for the few control cows with spontaneous double ovulations may have been caused by an increase in the number of fertilized eggs. Fricke and Wiltbank (1999) also observed an increase in conception rate for cows exhibiting double ovulations after a timed-AI protocol.
The incidence of spontaneous double ovulation was 23.2% for control cows. This number was similar to results observed by Kaim and Bor (2000) but higher than previously reported for high-producing Holstein after a timed-AI protocol (Fricke and Wiltbank, 1999) . Although 29 out of 47 cows in the control group with multiple CL were pregnant, only 2 of them had twin pregnancies observed by ultrasound on d 28 or by rectal palpation on d 45 after AI. This indicates that the majority of pregnant cows with spontaneous multiple ovulations do not carry a twin pregnancy. Fricke and Wiltbank (1999) observed that only 3 of the 11 cows exhibiting double ovulation after a timed-AI protocol calved twins. Because embryonic mortality is higher during the early stages of embryo development (Ginther, 1998; Vasconcelos et al., 1997) , it is possible that the lack of twin pregnancy in cows with spontaneous multiple CL was caused by early embryonic death. Previous work by Day et al. (1995) observed that cows carrying twins had a higher incidence of embryonic loss and abortion during gestation. Moreover, the lack of twin pregnancy in control cows bearing more than one CL could also indicate a failure to fertilize the additional oocyte.
Previous research (Eduvie and Seguin, 1982; Helmer and Britt, 1986; Sianangama and Rajamahendran, 1992) observed conflicting results on conception rate of cows receiving hCG. Sianangama and Rajamahendran (1992) observed a remarkable increase in conception rate for cows receiving hCG on d 7 after AI (62% vs 47%). However, two previous reports (Eduvie and Seguin, 1982; Helmer and Britt, 1986) showed no differences in conception rate between control and hCGtreated cows. In the latter studies (Eduvie and Seguin, 1982; Helmer and Britt, 1986) , the conception rate of control cows (conception rate > 59%) was markedly higher than those currently observed for high-producing Holstein cows (Butler, 1998) and those observed in this study. It is likely that such highly fertile groups of cows might not benefit from hCG treatment. In addition, a limited number of cows and different protocols and dosage regimens were utilized, which might have affected the ability to detect any difference between treatment groups. Helmer and Britt (1986) injected cows with hCG at breeding, and this would not induce the formation of an accessory CL. In such case, any increase in progesterone concentration would reside in enhancing the development of the ovulatory CL. Because the response in progesterone concentration to hCG treatment is mostly associated with the formation of an accessory CL (Diaz et al., 1998; Schmitt et al., 1996a) , it is possible that the lack of response to hCG treatment might have been partly due to the fact that no accessory CL was induced. In the current study, treatment with hCG on d 5 after AI significantly increased the conception rate of high-producing dairy cows when pregnancy was determined on d 28, 45, or 90 after AI. These results suggest that hCG induction of multiple CL improves conception rates in high-producing dairy cows.
Summer thermal stress is an important factor diminishing fertility in lactating dairy cows (Hansen and Aré-chiga, 1999) . The effects of heat stress on fertility are associated with alterations in patterns of follicular development (Wolfenson et al., 1995) , changes in hormone profiles, and suppressed progesterone production, which negatively impacts estrus expression and conception rate, and increases pregnancy losses (Vasconcelos et al., 1997; Hansen and Aréchiga, 1999) . A study conducted at the University of Florida (Schmitt et al., 1996b) did not show improvement in conception rate following the induction of an accessory CL by a single injection of 3,000 IU of hCG on d 5 after AI during summer heat stress. We observed a tendency for interaction between treatment and period on conception rate in the current study (P = 0.09). Human chorionic gonadotropin had no effect on conception rate during the hot period (43.3 vs 44.1%), but improved conception rate during the cool period (47.8 vs 34.2%). Cattle embryos are most susceptible to thermal stress during the first 2 to 3 d after fertilization, and, when cows are exposed to high ambient temperatures, embryos generally die during the first days after conception (Hansen and Aré-chiga, 1999) . Therefore, similar to the findings by Schmitt et al. (1996b) , it is unlikely that inducing an accessory CL by treatment with hCG on d 5 after AI would improve conception rate of heat-stressed dairy cows.
The effects of BCS on the fertility of cattle are well documented (Ferguson, 1991) . Cows with a low or declining body condition are more likely to be in anestrous and to have lower fertility (Ferguson, 1991; Moreira et al., 2000) . We observed that cows with a BCS greater than 2.75 at the day of AI had a higher conception rate than those with a BCS equal to or lower than 2.75 (48.7 vs 34.4%; P < 0.001) and treatment did not affect this response. The dynamics of BCS from d 0 to d 90 after AI clearly demonstrate that BCS influences pregnancy in dairy cows. Cows diagnosed pregnant on d 28 after AI had a higher BCS throughout the study than that of those diagnosed open. Interestingly, an interaction between treatment and BCS change was detected for pregnancy at d 28. Cows that lost BCS when treated with hCG had a conception rate of 57.1%, compared with only 24.2% for controls. This demonstrates that hCG has the potential to improve conception rate in cows losing body condition.
Human chorionic gonadotropin had no influence on the decrease in conception rate caused by higher milk yields. Butler (1998) observed that conception rate has declined during the last 45 yr for Holstein dairy cattle in the U.S. and that milk production has simultaneously increased steadily. Macmillan et al. (1996) observed that cows managed under intensive systems, in which high milk production is achieved, have shorter periods from calving to first ovulation but lower conception rate during the breeding period when compared with cows managed for lower levels of production. These remarkable differences between groups of cows may be associated with follicular development and concentrations of plasma progesterone (Bilby et al., 1998) . Higher producing cows generally consume more feed DM, and feed intake can affect plasma progesterone concentrations of dairy cows (Vasconcelos et al., 1998; Wiltbank et al., 2000) .
In a recent study involving a large number of pregnancy determinations (Vasconcelos et al., 1997) , losses of pregnancy in lactating dairy cows were 10.5, 6.3, 1.7, and 1.7% between d 28 and 42, 42 and 56, 56 and 70, and 70 and 90 after AI, respectively. These losses were similar to those observed in the current study. Pregnancy losses were similar between the two treatment groups during the first 90 d of gestation.
Implications
The administration of 3,300 IU of human chorionic gonadotropin (hCG) i.m. on d 5 after AI in high-producing dairy cows consistently induced the formation of an accessory corpus luteum and increased plasma progesterone concentrations during mid luteal phase. Spontaneous double ovulations had no impact on plasma progesterone concentrations. Increased progesterone concentration was associated with pregnancy regardless of treatment. The increase in the number of corpora lutea and plasma progesterone concentrations caused by treatment with hCG was associated with greater conception rates when pregnancy was diagnosed on d 28, 45, and 90 after artificial insemination. Most of the benefit on conception was observed during the cool season. Furthermore, pregnancy in cows losing body condition score benefited from hCG treatment. In conclusion, treatment with hCG offers an opportunity to induce the formation of an accessory CL, increase plasma concentrations of progesterone, and improve conception rates in lactating dairy cows.
